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SOME YATTIFG TESTS OE A l/30- SCALE MODEL OE THE HULL 
OF THE XPB2M-1 PLYING BOAT 
By E. W. S. Locke, Jr. 

SUMMARY 

The results obtained frorr: yawing tests of a 
scale model of the complete h-^dll of the XP32Iv;-l (Stevens 
Model No. 404) are shown to "be in sul: stant ial agreement 
with preliminary fiill- scale flight tests on the flying 
"boat. The model tests cover the entire range of speeds 
up to get-away, on the "basis of the designed gross ^veight 
of the flying "boat (140,000 Ih) . 

Reports of preliminary flight tests of the XP32M-1 
flying boat indicated that there was a definite tendency 
toward directional instability in the vicinity of the 
hump. The model tests show that the hull is unstable at 
speeds up to and just past the huinp . It was found that 
within the range Cy =.2.0-2.5 the curves of yawing 

moment are discontinuous at small yav/ angles, and this 
has been associated with the difficulty found in the 
prelin^inary flight tests.* 

INTROLUCTIOlvF 



It has not been necessary, in the past, to give much 
attention to the directional stability characteristics of 
flying-boat hulls. Gott, in reference 1, suggested that 
directional instability was to be met with, only occasion 
ally. Recently, the reverse has apparently become true. 
At least three modern flying boats have exhibited varying 
degrees of directional instability on the water. 



♦since the tests herein reported were completed, small 
alterations to the hull, based upon model test findings, 
are reported to have substantially improved the direc- 
tional stability characteristics. 
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Althoiigh the p'r el imina ry flight tests of the XPB2M--1 
had r.hown directional instahility primarily in the region 
of the hump, &ott*s experience had shown Instahility at 
high speed". It was thought worth while, therefore, to 
mal<:e an investigation which would cover the entire range 
of s-ooeds from sero to get-away. This investigation had 
two ohjectives: 

1. To find curves of yawing mon'icnt s agaii'-st yaw, and 

to attempt a correlation of their shapes with 
the reported full- size "behavior 

2. To provide a background for fiiture work 

This investigation, conducted at the Stevens Institute 
of Technology, was sponsored "by, and conducted with finan- 
cial assistance from, the National Advisory Committee for 
Aer onaut ic s . 



DSSCEIPTIOi^ 0? .IvIOEEL 



The Liodel was ouilt for The Olenn L. Martin Company, 
to their Brawing lo. H240078, and was used by then: for 
several investigations. It was used for the present in- 
vestigation, in preference to other •nodels, because it 
was a full r..odel of the hull, com-^lete with top and tail 
cone. The body plans are given in figure 1. 

The center of gravity was located in the specified 
longitudinal and vertical positions, and on the center- 
line plane. The model was allowed to pivot freely about 
both the transverse and vertical axes, except in certain 
tests at high speeds, during which the trim angle was 
locked. 

Particulars of che model and of the full-size flying 
boat are listed on page 7. 



APFAHATIjS AKL PHOCEDUEE 



The model was inounted on bearings in a yoke. The 
bearings allowed pitching freedom and the yoK:e could be 
adjusted to r^roduce fixed heel angles. The yoke was at- 
tached to a staff which allowed freedom in yaw and heave. 
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Tiie angular motion of the staff was restrained by a cali- 
brated spring, thus allor/injS, determination of the yarding 
moi:ient . A dashpot v:as iDrovided for damping in ya:?, which 
soiiie preliminary experience had shown to be desirable. 
A sketch of the aiDparatus is shown in figure 2 and a 
photograph in figure 3. 

The calibrated spring mentioned previously constituted 
the yawing moment dynamometer. The spring was relatively 
weak, and provision was made for changing its stiffness. 
The magnitude and direction of the yawing moment, at the 
running yaw angle, was determined by noting the difference 
between the angles of ya'7 when stationary and in motion. 
All moments and angles arc referred to the wind axis (i.e., 
to the horizontal plane). 

Up to about 12.5 feet per second (half get-away), 
the model was tested free to trim according to the sched- 
ule of loads previously \xsed for a series of resistance 
tests on the same model, reported in reference 2. j?.t 
higher speeds the model v/as tested at fixed trims, for 
v/hich the loads were calculated from the aerodynamic char- 
acteristics of the flying boat. At each spe^d, sufficient 
tests v/ere made to define the shape of the curve of yawing 
moment against yaw angle, especially in the region of 
small yaw angles. When free to trim, the trr-m and heave 
were recorded. All the tests were T\in at zero heel an/"le. 



RESULTS 



The f 0 1 1 ow i ng n o nd im e n s i o na 1 



coeff Jcients ^^re used: 



Load coef f ic ient ; 



Speed coefficient 




Yawing monient coefficient 



Trimming moment coefficient 




Heave coefficient 



where 
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A 
w 

"b 

V 

g 
M 

h 



load on water, pounds 

specific weight of water, pounds per cuijic foot 
{62. '6 for Stevens) 

beam at main step, feet 

speed, feet per second 

acceleration of gravity, 62.2 feet per second^ 
trimming- moment, pound foot 
yawin^,^ moment, pound foot 

heave at center of gravity (height aoove 'oosition at 
rest and zero trim angle), feet 



Moment data are referred to the center of gravity. 
Taier trimming moments which tena to raise the how are 
considered positive. ^ater yawing moments which tend to 
rotate the how toward the right ( st arV..oa rd ) are considered 
positive. Yaw angles to right of the course are considered 
positive. 

Trim (t) is the angle between the base line of the 
hull ana the horizontal. 

Yaw is the angle between the center line of the 

hull and the course, measured in a olane parallel to the 
still-water surface. 



DISCUSSION 



The large chart in figure IS is considered an impor- 
tant presentation of the results; it provides a comprehen- 
sive view of all of the directional stability character- 
istics under the given set of particulars. Each enclosed 
rectangle (or special shape whore necessary) shows the 
curve of yawing moment against yaw angle for the speed and 
trim angle indicated by its center. Study shows that, in 
general, there are -:'*our types of curves. Taking the slope 
of the moment curve at zero yaw angle as a measure of the 
stability of the flying boat in yaw, the four tyous may 
be defined as follows: 
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Type dCyi^/d.^ 

Positive stability I\Fegative 

iJeutral Very small positive or zero 

ile.^ative staoility Positive 

"Hooking'' instability Curve discontinuous at small angles 

It will "be seen that the hull is direct ionally unstable 
up to about half the ^et-away speed, except for a very 
small re^'ion. This small region of positive stability is 
enclosed by a contour line. The cases of "hooking"' insta- 
bility occur within a smell region, which is also enclosed 
by a contour line. It will be noted that the region of 
instability starts at zero speed and extends almost v.x) to 
the hump. At speeds above the hump, the hull is stable 
at high trim an^^les, where the afterbody is normally wetted; 
and neutrally stable at low trim angles, where the after- 
body is normally clear. It would be expected that, once 
this h\\ll has passed the hump, no trcuole fro-u directional 
instability would be encountered. 



The report on preliminary flight tests of the actual 
XPS2M-1 flying boat bears out these indications of the 
model tests, at least in part. It states that, at speeds 
below the hump, "constant attention must be given to keep 
the flying boat headed very close to the coiirse, and un- 
balanced power must be applied rapidly to check any devia- 
tion from the course. If corrective moment is not applied 
rapidly to check the first sign of yawing, the boat may 
become u.nm-anageabl e . Cross-wind taxying may be very nearly 
impossible, even with maximr.m unbalanced power." As no 
remarks are made concerning directional stability past the 
hu.mp , it is assumed that no trouble was experienced. 

Some of the m.odel test results are shown in detail 
in figures 4 to 17. The maximum available moments due to 
full rudder deflection, with balanced oower, are marked 
on these charts. It will be seen that at low speeds the 
rudders are not nearly powerful enor.gh to overcome the 
hydrodynamic yawing moments for anything more than a very 
small yaw. On the other hand, at high speeds, the avail- 
able rudder moments are more than sufficient to control 
any deviation from the course. It a-opears, therefore, 
that any further work on directional stability may well 
be concentrated on the low- and hump- speed regions, and 
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that, in these regions, no h^.lv shonld "bp exDected from 
the aerodynamic controls. A s-"^ t i sf ct ory hull should 
presumably have neutral stability at all spe^-ls. 

Visual ohs'^rvations made during the tests indic^^ted 
that the hooking instability in the vicinity of the hump 
was caused mainly by water which passed ever the after- 
body sides in the vicinity of the st^rn rost anH wetted 
the tail cons. Although sometimes noticeable under other 
conditions, this was especially noticeable where hooking 
instability occurred. In one or two of the tests with 
larf?e yav; anjP-les. at speeds in the vicinity of the hiimp, 
water washed rirht over the tail far enou^^h forward to 
leave the rear fun turret out of waiter, and would proba- 
bly have damaged the tail surfaces on the actual flying 
boat . 

5ott (reference l) used lighter loadings than the 
tests herein reiDorted, and he used only relatively larger 
yaw angles. He found comparatively large unstable yawing 
moments at high ST)eed<^ under these conditions. The -nres- 
ent tests indicate that T^rob^bly the same thing would have 
been found had they been carried to higher yaw angles. 
High ya.w angles were not considered to be -nar t i cular ly im- 
Dortant at high speeds for the flying boat under investi- 
gation because of the large available rudder moments. 
Gott found that, in /general, increasing the trim angle 
imiproved the directional stability characteristics at high 
SDeeds, which agrees v;ith the findings in the TDresent tests. 

CONCLUSICITS 

1. The type of instability which gives most trouble 
in the full-size flying boat shows up as discontinuous 
moment curves in the model experiments - referred to as 
"hooking , " 

2. v/ater clinging to the afterbody sides and tail 
cone seems to be the cause of the discontinuous m. oment 
curves, and this is the region in which further work is 
likely to pay (in fact, already has Paid) dividends. 

3. In the region from just beyond the hump to get- 
away, the hull is either dir e c t i onal ly stable or the avail- 
able aerodynamic moments are sufficient for control. 

Stevens Institute of Technology, 

Hobcken, N. J,, December 9, I9UP, 



7 



REPEREITCES 



1. Gott, J. P.: 'Tote on the Directional Stability of 

Seaplanes Oxi the \7ater. ¥. DTo. 1776, British 

A.R. C. , 1937, 

2. Davidson, Kenneth S. M. , and Locke, F. T. S. , Jr.: 

Some Systematic Model Experiments on the Porpoising; 
Characteristics of Eljing-Boat Hulls. NACA A.R.R., 
June 1943. 



PAF-TICULA55 AI'ID SFSCIFICATIOlfS Fall Size Hodel 

"Ssyj Designation :(PB2M-1 

Martin Model ITo. I'JO 

Martin Drawing No. R^UOOyS 

Stevens liodel llo. UoU-1 

Scale 1 1/30 

Dir.ensions 

Beam o.t main step, inches l62 ^.UO 

An^-yle between fcrelDody Iceel oJid base line, 

degrees. 2.0 til.O 

An,?:le cetv/een afterliody keel and 'oaso line, 

de^:reGs 5'0 ^.0 

Height of niain step at keel, inches o.l C,27 

Center of gravity forward of 2Tiain step (26. ^'S 

percent M. A. C.) , inches T^-^ 

Center of gravity above "base line, inches .... iho.J 4.S5 

G-roGS wei^'^ht, A, poundo ikO^OOO 5.19 

¥in^ srjon, b, feet 200 6.67 

Wing area, S, snuare feet 3^83 ^!-.092 

Mean aerodynamic chord (McA.C), inches 2U9 0.3O 

Horizontal tail area, sqi.iare feet 50S 0.5^5 

Vertical tail area, square feet 35^ O.3o9 

Distance, center of gravity to 35 percent H.A.G. 

horizontal tail (tail length), feet 63.0 2.12 

Thrust line, above base lino at main step, 

inches 23O.3 l.bS 

Thiixst line, inclined Lipv/ard to base line, 

degrees b*5 5*5 



*A11 trira an:;ios referred to base line. 
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AerocL;/7iaxiic Characteristics 
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